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Abstract
Background. The surgical treatment of perihilar cholangiocellular carcinoma (CCC) is challenging due to the adjacency of
the tumor to the hilar vessels, major hepatic veins, bile ducts, and the inferior vena cava. Additionally, the tumour frequently
infiltrates the parenchyma of the caudate lobe or/and invades its bile ducts. Consensus statements. Negative margin caudate
hepatectomy is rarely feasible. Isolated partial or complete caudate lobe resection is an oncologically inadequate procedure.
Extended hepatectomies in combination with caudate lobectomy can provide prolonged survival, even in patients with
advanced CCC. Mesohepatectomy is an oncologically adequate procedure for selected patients with CCC and
compromised liver function. The procedure is technically demanding; however, it lowers the risk of postoperative liver
failure.
Introduction
The surgical treatment of perihilar cholangiocellular
carcinoma (CCC) is challenging because of the direct
adjacency of the tumor to the hilar vessels, major
hepatic veins, bile ducts, and the inferior vena cava
(IVC). Additionally, the tumor frequently infiltrates
the parenchyma of the caudate lobe or/and invades its
bile ducts. Caudate lobectomy, either as an isolated
procedure or, more frequently, as a component of
major hepatectomy, is frequently indispensable in
radical tumor elimination. In 1990, Lerut et al. were
the first to address isolated caudate lobe resection
performed through a right-sided retrohepatic ap-
proach in a patient with a benign adenoma [1]. In
the same year, Nimura et al. advocated routine
complete caudate resection for CCC, since he dis-
closed miscroscopic tumor involvement in the caudate
branches in nearly all patients in whom resection of the
caudate lobe was performed [2]. During recent years,
several groups, mostly from Japan, have reported on
major hepatectomies in combination with caudate lobe
resection as a potentially curative approach in the
management of patients with CCC [312].
Caudate lobe resection
Surgical anatomy
The caudate lobe consists anatomically of three
portions: the left portion (Spiegel’s lobe, Couinaud’s
segment I), the right portion (paracaval part), and the
caudate process [13,14]. Most of the blood supply to
the lobe is provided by the posterior segmental
branches of the portal vein and left hepatic artery.
Biliary drainage ensues into the right or left hepatic
duct cranially to the portal vein. The hepatic venous
drainage encompasses a few sizable and several smaller
branches that flow directly into the IVC [15]. Numer-
ous anatomical variations of the blood supply and
biliary drainage have been described [16,17]. Sugiura
et al. recently reported on an infraportal bile duct of
the caudate lobe (joining the hepatic duct caudally to
the transverse portion of the left branch of the portal
vein), which can complicate right-sided hepatectomy
in combination with caudate lobe resection [18]. The
posterior edge of the caudate lobe on the left side
commonly exhibits a fibrous attachment expanding
behind the vena cava towards segment VII. In a
substantial number of patients the fibrous band is
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replaced by liver parenchyma that can circumferen-
tially envelop the IVC. This situation can require a
demanding posterior dissection.
Surgical technique
Depending on the size and location of the tumor, the
caudate lobe can be exposed through the left or right
side, both combined, or through the more demanding
anterior transhepatic approach. Operative procedures
of caudate lobe resection include isolated partial
resection [19], isolated complete resection [4,20
23], and various hepatic segmentectomies in combi-
nation with complete caudate lobectomy [2,24,25].
The key issue of a save resection of the caudate lobe is
posteriorly  meticulous dissection and control of the
retrohepatic caudate veins  and anteriorly  exposure
of the branches joining the middle hepatic vein. The
ultrasound dissector is a valuable tool for precise
transection of the hepatic parenchyma and denuda-
tion of the venous branches [21,26].
Results of isolated caudate lobe resection
Resection of the caudate lobe as an isolated procedure
is oncologically appropriate treatment only for a single
patient with a small CCC. In the series of 45 patients
with CCC (median caudate tumor size 3.4 cm) in
whom Hawkins et al. performed a caudate hepatect-
omy, only one patient underwent isolated caudate
resection. In all the other patients more extensive
hepatectomies were necessary for radical tumor re-
moval [4]. Taking into consideration a 22% positive
microscopic margin rate in the entire group of
resected patients in this series, the indication for an
isolated caudate lobectomy in the management of
patients with CCC needs to be seriously questioned
[27]. In accordance with this reservation, Kondo
et al., in a group of 40 resected CCC patients,
demonstrated that right hepatectomy was associated
with significantly better survival (p0.023) compared
to isolated caudate lobectomy [6].
Results of combined caudate lobe resection
Since the initial experience of hepatic segmentectomy
with caudate lobe resection for bile duct carcinoma of
the hepatic hilus by the group from Nagoya in the
1980s [2], several centers have reported improved
survival with more extended hepatectomies including
caudate lobectomy [5,8,9,11,12,2830], and in some
cases also with resection of the IVC [31,32]. Higher
rates of negative resectional margins are the key issue
of improved outcomes [8,8,11,33,34]. Following the
aggressive approach, and depending on the stage of
the disease, overall 3-year survival of approximately
40% can be expected [6,10,30,35]. In our own series
of 27 patients in whom extended hepatectomy
including caudate lobe was performed, the overall
3-year survival of 55% could be achieved [7].
Mesohepatectomy
Central hepatectomy, also termed mesohepatectomy,
encompasses resection of Couinaud’s segments 4a,
4b, 5, and 8 for tumors located in the central portion
of the liver [36]. The procedure is particularly
valuable in patients with compromised liver function
and tumors confined to the left medial and right
anterior liver sectors.
Surgical technique
The procedure is burdened by a mortality rate of
0%6.3%, which is usually caused by hemorrhage and
liver failure [3740], and also by a morbidity rate
amounting to 55%, often due to bleeding or bile
leakage [36,37,41]. Yamashita et al. determined
mesohepatectomy as the most powerful risk factor
for postoperative bile leakage due to two areas of
transected liver parenchyma and dissection of the
hilar structures [42]. Since hemorrhage significantly
contributes to surgical mortality and morbidity in
patients undergoing mesohepatectomy, several tech-
niques have been used to control the intra-operative
blood loss. Total inflow occlusion in terms of the
Pringle maneuvre, total inflow occlusion with addi-
tional occlusion of the IVC, and partial inflow
occlusion with or without occlusion of the IVC have
been applied.
Three-dimensional visualization of the liver anat-
omy and assessment of tumor extension is useful in
Figure 1. Three-dimensional visualization of the liver anatomy and
assessment of tumor extension.
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operative planning regarding clarification of resect-
ability and has the potential to increase the rate of
curative procedures (Figure 1) [43].
Results of central liver resection
There is no series addressing the applicability of
mesohepatectomy in the treatment of patients with
CCC [44]. Various other forms of resection of the
central part of the liver are issues in a few studies.
Nagino et al. reported on 109 patients with hilar
cholangiocarcinoma in whom hepatic lobectomy in-
cluding central bisegmentectomy was performed [38].
In the group of curatively resected patients, the 3-year
and 5-year survival rates were 42.7% and 25.8%,
respectively. In the group of 35 patients who under-
went combined segment 5 and 8 resection, one had
peripheral CCC [39]. Kawarada et al. applied a
resection of the segment 4a and 5 in combination
with caudate lobectomy in four CCC. Due to the
dome-like dissection guided by the middle hepatic
vein they named this procedure the Taj Mahal liver
parenchymal resection [24]. Our group reported on
mesohepatectomy in combination with resection of
the caudate lobe and resection of hilar bifurcation for
a bile duct tumor type Bismuth IV [45].
Consensus statements
Negative margin caudate hepatectomy is rarely fea-
sible. Isolated partial or complete caudate lobe resec-
tion is an oncologically inadequate procedure in
patients with CCC (grade of evidence: low, observa-
tional studies).
Extended hepatectomies in combination with cau-
date lobectomy can provide prolonged survival, even
in patients with advanced CCC (grade of evidence:
low1, observational studies).
Mesohepatectomy is an oncologically adequate
procedure for selected patients with CCC and com-
promised liver function. The procedure is technically
demanding; however, it lowers the risk of postopera-
tive liver failure (grade of evidence: very low, case
reports).
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